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ALGORITHM FOR COMPUTING SATELLITE ORIENTATION.
VALUES OF THE GRAVITATIONAL CONSTANTS

P. E. El'yasberg, B. V. Kugaenko, V. M. Sinitsyn, V. E. Sokolov

I. Preliminary remarks.
Consider the following coordinate systems:

1. An absolute system of coordinates with axis i directed
toward the first point of Aries, the axis k along the axis of
rotation of the earth and the axis J to complete a right-hand
system.

The origin coincides with the center of the earth; in all
of the following coordinate systems the origin is at the cen-
ter of mass of the satellite.

2. A Koenig system of coordinates, with axes I, K and J;
these axes parallel the axes of the absolute system.

3. An associated system of coordinates with axes Cl r2
and 3 directed along the principal central axes of inertia
of the satellite.

The designation of the axes of the associated system may
be changed as a function of the mode of rotation of the satel-
lite; this must be established in calculations in accordance
with the stated algorithm.

4. A coordinate system tied to the kinetic moment vector
L of the satellite's rotation and to the Koenig system of co-
ordinates such that the OL-axis is directed along L, the OLj-
axis lies in the OLK plane, orthogonal to OL, forming an acute
angle with OK; the OL2-axis completes the right-hand system.

5. A structural system of coordinates. This system is
tied to the satellite. The matrix for converting from system
3 to system 5 is symbolized as F. The F-matrix is constant
for a given satellite.

Calculation of satellite orientation reduces to determin-
ing the transformation matrix for conversion from system 2 to
system 5.
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This matrix is denoted by D. The transformation matrix /3
for converting from system 2 to system 3 is designated A.

If the D-matrix is known, any vector Wk2 specified in
system 2 will have the form in system 5

Wk5 D k2 FA k2

The D-matrix is orthogonal, i.e. we have the relationship

-- = D--1 - = DT --Wk2 =D Wk 5 = D Wk5

The matrix DT is obtained from D by transposition. Since
the F-matrix is constant for a given object it is convenient to
consider only the calculation of the A-matrix.

Let the known matrices be:

B - transformation matrix from system 4 to system 3;
C - transformation matrix from system 2 to system 4..

Then A = B-C.

The matrix B is known if the Euler angles fixing the posi-
tion of system 3 relative to system 4 are determined:

y - angle of proper rotation
p - precession angle
- nutation angle (see Fig. 1).

The matrix C can be determined if we know only p and a,
where p is the angle between the kinetic moment vector L and
the K-axis of the Koenig system, and a is the longitude of
the vector L in the Koenig system of coordinates (see Fig. 2). /4

II. Initial Data.

The initial data for calculating the orientation are the
quantities: fo, f2, f3, f4, f7, f8, f9, f10, w.i p, a, -- four
valued numbers (units, tenths, hundredths and thousandths of
radians or rad/sec, corresponding to their physical sense in
formulas (2), (3) and (4)), fl, fs - five-valued numbers (units,
tenths, hundredths, thousandths and ten-thousandths of radians/
sec). In addition, assigned are: to - the initial time inter-
val (hours, minutes) and tk - the final time interval (hours,
minutes).
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Fig. 1.

/5

Fig. 2,

III. Computing Algorithm.

Calculation of the orientation is carried out in the
following sequence:

(1) At = t - t , where t is the instant of time pertain-
ing to [to, tk] in which the orientation is determined. At is
established in seconds.
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'Y + f =f. O.lf, t oft sin (O.Ot a}t)+fcos,4 .Otwt);
~-y :f,, ,0 f, ~t ff tin(OOfo3t) ,[, os(O0O0X~t);
= fi ·f, sin (O.C1 ).bt) *f,. oS(O.0 .~t);

, = Coo(1/2) COS t(ry4)/21;

, = in (V1/2) s· co('Y-l ) /2) ;
A: = In ('Q/2). Sin [(4- ~/2] 1

, = cos (9/2) -S'n [(T, 'r)/21;

(9) B |
2(.t A.t , A)

cos G -cos5p
(10) C = -sin G

cosG sinp

2( ,.A+,)A )

snc-cns p
cos

sin6.sinp

(,\.X., : Io .

- · i

(46.?

Remarks. The matrix C is constant over the time interval
to < t < tk.

(11). A = B-C
(12) D = F'A

/7

4

(2)
(3)

(4)

(5)
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Values of the gravitational constants

for use in "Algorithms for computing

satellite orientation "
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6378140 m;
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1/298,25;
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0.49027779.1013 m3 / sec2 .
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